Introduction 1
The assessment of food authentication and origin is a major concern not only for the 2 prevention of commercial fraud [1] , but also to avoid the safety risks derived from the 3 inadvertent introduction of any food ingredient that might be harmful for human health 4
[2-4]. The identification of marine species is an issue of primary relevance for the 5 seafood industry, and global commercial requirements concerning labelling and 6 traceability have appeared [5, 6] . Seafood products include a wide variety of species 7 with a significant impact in food industry, and among them, crustaceans belonging to 8 the order Decapoda are of remarkable commercial interest. This order includes shrimps, 9 which are one of the most important economic resources in fishery and aquafarming 10 Proteomics methods have been proposed as useful tools for the assessment of the 1 authenticity and traceability of marine species in seafood products [16] , and some effort 2 has been made to elucidate differences among closely related species using mass 3 spectrometry (MS) [17, 18] . However, the need for cheap and rapid screening of a large 4 number of samples has been pushing the development of accurate and sensitive high-5 been reported to speed up and simplify it. Heating, microwaves, high pressure, and 1 infrared and ultrasonic energy have been assayed [26] . In this sense, application of less 2 than 60 s of high intensity focused ultrasound (HIFU) has been reported to achieve a 3 digestion efficiency similar to that obtained with overnight protocols [27] . Ultrasonic 4 energy has some advantages over those other strategies, such as low sample 5 requirements, low reagent consumption, and low cost of the equipment, ultrasonic probe 6
[25], which is generally available in research laboratories. Moreover, it can be applied 7 to both in-gel and in-solution digestion of proteins. 8
The objective of this work was the study of the suitability of a shotgun proteomic 9 approach, combining HIFU-assisted ultra fast sample preparation, LC separation and 10 continents worldwide. Intact shrimps were frozen on board and shipped to our 23 laboratory for the analyses. Special care was taken in keeping their morphological 24 characteristics in good shape. Two groups of samples from commercial sources werealso considered (Table 1) : the first batch consisting on whole frozen shrimps imported 1 from a Mozambique fishing-ground and labelled as "Penaeus spp.", and a second batch 2 labelled as "frozen vannamei shrimp tails" and purchased in a retail market in Spain. GmbH (Mannheim, Germany). 14
2.3
Extraction of sarcoplasmic proteins 15 Sarcoplasmic proteins were extracted by homogenizing 1 g of raw white muscle from 16 each individual in two volumes of milliQ water, using an Ultra-Turrax blender for 2x30 17 s and the extracts were then centrifuged at 30000g for 10 min at 4ºC (J25 centrifuge; 18
Beckman, Palo Alto, CA). Protein concentration in the extracts was determined by the 19 bicinchoninic acid method (Sigma Chemical Co., USA). 20
2.4
Peptide sample preparation 21
Crude protein extracts were directly subjected to HIFU-assisted trypsin digestion asdescribed previously [27] , with some modifications. Extracts with 100 ȝg of protein 23 each were subjected to in-solution digestion with trypsin at 1:25 protease-to-protein 24 ratio. Final digestion volume was set to 104 ȝL and trypsin digestion was performed for60 s under sonication. A Vibra Cell CV 18 (Sonics & Materials, Newton, CT) ultrasonic 1 probe was used with the 2 mm probe tip, and the ultrasonic amplitude was set at 50%. 2
Prior to MS analysis, the tryptic digests were desalted and concentrated using in-tip 3 reverse-phase resins (ZipTip C18, Millipore, Bedford, MA), according to the 4 manufacturer's recommendations. 5
MS/MS analysis 6
Peptide digests were analyzed online by LC-ESI-IT-MS/MS using a LC system model 7
SpectraSystem P4000 (Thermo-Finnigan, San Jose, CA) coupled through an ESI ion 8 source to an IT mass spectrometer model LCQ Deca XP Plus (Thermo-Finnigan). The 9 separation was performed on a 0.18 mm × 150 mm BioBasic-18 RP column 10 (ThermoHypersil-Keystone) using 0.5% acetic acid in water and 0.5% acetic acid in 11 Table 2 , respectively, indicating the species in which they must be present 18 according to a previous experimental work [23] . MS/MS scans (5 µscans each) were 19 obtained using an isolation width of 3 u and normalized collision energy of 35%. Ion 20 chromatograms were plotted using the instrument software to show, for each precursor, 21 a selected product ion. 22
Additionaly, analyses were also performed by off-line nanoESI-IT using an IT mass 23 spectrometer, model LCQ Deca XP Plus (Thermo-Finnigan) equipped with a nanosprayinterface. PicoTips borosilicate glass needles with 1 µm orifice (New Objective, 1 Woburn, MA) were filled with 3-5 µL of sample and used as emitters. 2 Blank samples were included in the analysis, using the complete reaction protocol 3 with the exception of either, the enzyme (trypsin), the protein extract, or the application 4 of sonication. 5
3
Results and discussion 6
Species identification by SMIM in crude protein extracts 7
The complex peptide pools obtained by in-solution tryptic digestion of unseparated 8 sarcoplasmic proteins were subjected to LC-MS/MS, analyzing only seven precursor 9 ions at m/z 829.4, 643.8, 817.9, 759.9, 675.3, 539.3, and 603.3 (Table 2) + fragment (m/z 1188.4) also produced a highly specific peak at a retention time of 1 61 min, and the averaged MS/MS spectra also matched clearly with the corresponding 2 peptide sequence, while no significant signal appeared for the other transitions (Fig.  3   1B) . In contrast, in the extracts from the species belonging to the family Penaeidae, 4 these two peptides could not be detected, as illustrated by the chromatogram traces (Fig.  5   1C) , whereas the specific peak corresponding to the transition 829.4 ĺ 1197.4 eluted at 6 a retention time of 62 min, and the averaged MS/MS also matched clearly with the 7 corresponding peptide sequence. Therefore, these first three transitions could be used to 8 differentiate among P. muelleri, P. borealis, and family Penaeidae species. 9
To differentiate the species within the family Penaeidae, four other transitions were 10 analyzed. In the extracts from P. monodon (Fig. 1D) , the transitions 759.9 ĺ 977.4, 11 675.3 ĺ 862.3 and 539.3 ĺ 907.4 were observed, whereas no significant signal was 12 produced for the transition 603.3 ĺ 931.1. In the samples belonging to L. vannamei 13 (Fig. 1E) (Fig. 1F ) from F. indicus (Fig. 1G),  17 respectively. In addition, the transition 759.9 ĺ 977.4 was found in both of them. 18
Finally, extracts from Farf. notialis presented the transition 675.3 ĺ 862.3, while the 19 other three transitions could not be detected (Fig. 1H) . When the averaged MS/MS 20 spectra were analyzed, all of them gave a perfect agreement with the corresponding 21 peptide sequences, as is shown in Fig. 1 
insets. 22
It has to be noted that although only one transition per diagnostic peptide has been 23 traced in Fig. 1 , the SMIM scanning mode allows the representation of theshows the chromatogram traces for 5 different transitions, corresponding to the 1 fragments yƎ 7 + , yƎ 8 + , yƎ 9 + , yƎ 10 + , and b 11 of the diagnostic peptide TFLVWVNEEDHLR 2 (Fig. S-1a) , obtained after the SMIM analysis of a sample from a species belonging to 3 the Penaeidae family. 4
Commercial samples were also effectively identified after tracing the seven 5 transitions. In that sense, chromatograms from samples from batch 1 were identical to 6 those plotted in Fig. 1C and 1D , and chromatograms from batch 2 were identical to 7 those represented in Fig. 1C and 1E . The averaged MS/MS spectra around each 8 corresponding retention time also matched the expected peptide sequence. To conclude, 9 samples from batch 1 were identified as P. monodon, and those from batch number 2 10 clearly identified as L. vannamei. Blank samples were negative for all the transitions 11 (results not shown). 12
Species identification by off-line nESI of crude extracts 13
The complex unseparated peptide mixtures were also directly analyzed by off-line 1518.82 LEEVAGKYNLQVR m/z: mass/charge; (■) denotes the presence of a peptide, and () the absence. Table 2 
